Mountain pine beetle (Dendroctonus ponderosae) CYP4Gs convert long and short chain alcohols and aldehydes to hydrocarbons.
Hydrocarbon biosynthesis in insects involves the elongation of fatty acyl-CoAs to very-long chain fatty acyl-CoAs that are then reduced and converted to hydrocarbon, with the last step involving the oxidative decarbonylation of an aldehyde to hydrocarbon and carbon dioxide. Cytochromes P450 in the 4G family decarbonylate aldehydes to hydrocarbon. All insect acyl-CoA reductases studied to date reduce fatty acyl-CoAs to alcohols. The results of the work reported herein demonstrate that CYP4G55 and CYP4G56 from the mountain pine beetle, Dendroctonus ponderosae, expressed as fusion proteins with house fly cytochrome P450 reductase (CPR), convert both long chain aldehydes and long chain alcohols to hydrocarbons. CYP4G55 and CYP4G56 appear to prefer primary alcohols to aldehydes as substrates. These data strongly suggest that hydrocarbon biosynthesis in insects occurs by the two-step reduction of very long chain fatty acyl-CoAs to alcohols, which are then oxidized to aldehydes and then oxidatively decarbonylated to hydrocarbon by CYP4G enzymes. In addition, both CYP4G55 and CYP4G56 fusion proteins convert C10 alcohols and aldehydes to hydrocarbons, including the conversion of (Z)-7-decenal, a putative intermediate in the exo-brevicomin pheromone biosynthetic pathway, to (Z)-3-nonene. These data demonstrate that the highly conserved CYP4G enzymes accept a broad range of carbon chain lengths, including C10 and C18, and have evolved to function in cuticular hydrocarbon biosynthesis and pheromone production.